Objective: To determine changes in behavior and sleep in children before and after adenotonsillectomy for sleepdisordered breathing (SDB) using the validated Pediatric Sleep Questionnaire (PSQ) and Conners' Parent Rating Scale-Revised Short Form (CPRS-RS).
I
N CHILDREN, THE TERM SLEEPdisordered breathing (SDB) may be used more frequently than obstructive sleep apnea syndrome (OSAS) because the former term recognizes that SDB is a spectrum of sleeprelated breathing disorders (SRBDs) that includes primary snoring, upper airway resistance syndrome, obstructive hypoventilation, and OSAS (the most severe aspect of the spectrum). Although the prevalence of OSAS has been reported to range from 0.7% to 3%, the prevalence of snoring and clinical suspicion of SDB in children may approach 11%. 1, 2 The impact of SDB on childhood development and behavior-specifically, hyperactivity and inattention-has been well published. [3] [4] [5] [6] [7] Using both polysomnography (PSG) and parental surveys, one study 5 showed that even though SDB is not more likely to occur among children with marked symptoms of attention-deficit/hyperactivity disorder (ADHD), it is highly prevalent among children with mild hyperactive behavior. At least 2 studies 6, 7 have found that SDB is substantially more likely to be found among children with ADHD, unselected for sleep complaints, than among controls. Habitual snoring and SDB have been associated with ADHD, and it has been suggested that treatment of SDB may eliminate ADHD in a subset of children if their habitual snoring and SDB were alleviated. 8 Unlike OSAS, which is defined in part by a specific apneahypopnea index (AHI) based on PSG, SDB may be diagnosed clinically and may not consistently meet PSG criteria for an obstructive sleep breathing disorder. 9 In addition to hyperactivity, children with snoring and SDB have been shown to have neurocognitive impairment and poor school performance. [10] [11] [12] [13] In one study, 12 children without clinically significant hypoxia, as measured by pulse oximetry, but with habitual snoring have been shown to have poorer academic performance than those who do not snore. Sleep-disordered breathing is also associated with enuresis, learning disabilities, daytime sleepiness, and somatic complaints such as headaches. 1 Behavioral and emotional difficulties have been found in children with SDB before intervention, and improvements have been reported after adenotonsillectomy. 14 According to the recommendations of the American Academy of Pediatrics 15 and American Thoracic Society, 16 a positive finding from PSG or some other objective measure (eg, a cardiopulmonary nocturnal study) is required to establish the diagnosis of OSAS. Although PSG performed overnight in a laboratory setting is considered the gold standard for evaluation of OSAS, there are several reasons why PSG alone may be insufficient to identify all children with SDB. First, patients with primary snoring and upper airway resistance syndrome may show a normal respiratory disturbance index on a standard sleep study. Second, Weatherly et al 15 surveyed practice patterns of otolaryngologists and found that less than 10% of patients received any objective testing and less than 5% of school-aged children received PSG prior to adenotonsillectomy. This practice pattern deviates from the recommendations of the American Academy of Pediatrics. 16 The actual practice pattern of otolaryngologists may reflect the fact that there are not enough sleep centers or resources to have preoperative PSG testing for each child undergoing adenotonsillectomy. Third, children with clinically diagnosed SDB may not consistently meet PSG criteria for OSAS. 9 In the opinion of some otolaryngologists, PSG testing should be reserved for patients of very young age or those with medical comorbidities. 17 Finally, there are incomplete normative sleep data on the pediatric population, and variability in sleep study performance and interpretation results in an inconsistent diagnosis of SDB or OSAS depending on the definition chosen, which is based on the AHI. Although an AHI as low as 1 may be unusual in healthy children, it is not known whether this value is clinically significant.
Alternative instruments, such as quality-of-life (QOL) measures, could be used for children who may not need PSG testing. Some studies [18] [19] [20] [21] [22] [23] [24] [25] using various instruments have demonstrated that adenotonsillectomy results in marked improvement in QOL, not only in children who have OSAS documented by PSG, but also in those clinically diagnosed as having SDB without confirmation by PSG. Although such instruments are helpful in measuring outcome, a questionnaire specifically for predicting SDB and improvement after surgery would bridge the gap between objective PSG data on every child with nocturnal airway obstruction on one end of the spectrum and clinical suspicion of SDB in children at the other end. Chervin et al 25 developed the Pediatric Sleep Questionnaire (PSQ), and its scales for SDB, snoring, sleepiness, and behavioral problems were shown to have good validity and reliability. The PSQ may be used as a tool in clinical research when PSG may not be feasible, as was the case in our study. We chose the Conners' Parent Rating Scale-Revised Short Form (CPRS-RS) survey to assess behavior in our subjects before and after adenotonsillectomy. 26, 27 This study was modeled after previous studies examining QOL improvement after adenotonsillectomy. [19] [20] [21] [22] We designed this study to examine improvements in both sleep and behavior at 6 months after adenotonsillectomy without using PSG. Patients were excluded if the primary reason for adenotonsillectomy was recurrent infections. Patients were not selected for participation in this study because parents had reported behavioral problems. Children were diagnosed as having SDB by the pediatric otolaryngologists based on medical history and physical examination with or without flexible fiber-optic nasopharyngoscopy. All patients were otherwise healthy and without any medical comorbidity such as medical history of congenital heart disease, neurologic disorders such as cerebral palsy, Down syndrome, or craniofacial abnormalities.
METHODS
This study was conducted at a pediatric otolaryngology practice based at a university hospital satellite center. The study protocol was approved by the institutional review board at the University of Kansas Hospital in Kansas City. A total of 117 consecutive children who were clinically diagnosed as having SDB and who were scheduled to undergo adenotonsillectomy were enrolled (Table 1) , and informed consent for enroll- 
CPRS-RS AND PSQ QUESTIONNAIRES
The CPRS-RS is a 27-item form on which the respondents indicate the frequency of behaviors observed in the child during the previous month and is typically used in treatment studies to measure change in symptoms. 26, 27 The CPRS-RS profile forms automatically transform raw scores into T scores, which can easily be converted to percentile ranks. The T scores are standardized scores for each scale and have a range of 1 to 100, with the same mean (50) and standard deviation (10) . The CPRS-RS has age-and sex-adjusted T scores, and the validity, reliability, and long-term stability have all been tested and published. Higher T scores represent worse behavior in each specific CPRS-RS category. Boys have higher scores than girls.
Changes in age-appropriate T scores for all 4 behavior categories (oppositional behavior, cognitive problems or inattention, hyperactivity, and ADHD index) were determined for each subject before and after surgery ( Table 2 ). The change in mean T scores for all respondents (from before surgery to after surgery) was determined for each behavior category. To see if there was a greater change in the mean postoperative T score for those with higher preoperative T scores, we determined the change in T score by stratifying the 71 patients into 4 groups based on their preoperative T scores for each behavior category: group 1 was defined as those having preoperative mean T scores of 50.0 or lower; group 2, T scores of 50.1 to 60.9; group 3, T scores of 61.0 to 70.0; and group 4, T scores higher than 70.0 ( Table 3) . Interpretive clinical guidelines for T scores are as follows: scores of 45.0 to 55.0 are classified as average; 56.0 to 60.9, slightly above average; 60.0 to 65.0, above average; 65.1 to 70.0, much above average; and above 70.0, very much above average.
A specific 22-item SRBD subscale was used for scoring the PSQ because these were the items found to have the strongest association with SRBD diagnosis. 24 Each item is scored "1" for yes and "0" for no; "don't know" and missing data are both treated as missing data. The responses are totaled and then divided by the number of questions for which a response was given, and then the score is obtained on a scale of 0 to 1.00. Scores approaching 1 represent the greatest severity in sleep disturbance. A score greater than 0.33 suggests a high risk for SDB with reasonable sensitivity and specificity. 24 To see how the PSQ relates to the CPRS-RS, we calculated the SRBD scale as described in this section, but left out the last 6 behavior items in the PSQ because they are also found in the CPRS-RS.
STATISTICAL ANALYSIS
Categorical demographic variables are summarized by frequencies and percentages, and quantitative demographic variables are summarized by means and standard deviations. We have also summarized the overall scores at baseline for the sleep questionnaires (the SRDB subscale comprises items A2, A3, A4, A5, A6, A7, A24, A25, B1, B2, B4, B6, C3, C5, C8, C10, C14, C18, A32, B7, B9, and B22). We calculated the change in the responses on these measures for those who returned postoperative assessment questionnaires. The paired t test was used to determine if there were any clinically significant changes 6 months after surgery on these measures. We then calculated the Pearson correlation coefficient, for before and after surgery, between the PSQ with and without the behavioral questions and the T scores (for oppositional behavior, cognitive problems or inattention, hyperactivity, and the ADHD index scales). Finally, we assessed the change in PSQ related to age, sex, prior treatment with methylphenidate hydrochloride, and prior diagnosis of attention deficient disorder or ADHD using linear regression. We examined the association of preoperative T scores for each measure with the postoperative change in that specific T score using 1-way analysis of variance and conducted pairwise comparisons across the groups. All analyses were conducted at the P=.05 level of significance.
RESULTS
A total of 117 patients and their caregivers were enrolled in the study, and 71 completed the 6-month follow-up. Forty-six patients did not complete the study because follow-up questionnaires were not returned by their caregivers. The mean (SD) age of the patients was 6.5 (3.1) years. We found no differences in age, ethnicity, sex, or baseline scores between those who completed the study vs those who did not. Demographic data are shown in Table 1 . The change in mean T scores for all 4 CPRS-RS categories is shown in Table 2 . From the CPRS-RS profiles, the mean (SD) T scores for all 71 subjects for oppositional behavior were 59.4 (13.7) preoperatively and 51.0 (9.6) postoperatively at the 6-month follow-up (PϽ.001). For the cognitive problems or inattention category, the mean T scores were 59.5 (13.6) preoperatively and 51.2 (8.8) postoperatively (PϽ.001). For the hyperactivity category, the mean T scores were 62.0 (14.4) preoperatively and 52.4 (10.5) postoperatively (PϽ.001). The mean (SD) ADHD index T scores were 59.9 (13.4) preoperatively and 50.6 (7.8) postoperatively (PϽ.001). Reductions in mean T scores were statistically significant in all 4 categories as shown, and the T score decreased by close to 10 points between preoperative and postoperative values, which is considered clinically significant.
Once we found the reduction in T scores to be statistically significant for the entire group, we explored whether b Mean change does not equal the difference in the mean preoperative and postoperative scores because not everyone had a postoperative score.
c The PSQ score reflects the full, 22-item PSQ, including 6 behavior questions, which are duplicated on the CPRS-RS.
d The PSQm6 score reflects the 16 nonbehavioral items of the PSQ, so the score excludes responses for the 6 behavioral questions.
the changes were a function of baseline T scores for each category. We wanted to know if the worse the patient's preoperative sleep and behavior scores, the greater the reduction in T scores. The 71 patients were stratified into 4 groups for each CPRS-RS category based on their preoperative mean T score as described in the previous paragraph. The mean change in CPRS-RS T scores in each behavior scale was calculated for each group, and results are shown in Table 3 . For example, for the ADHD index, 27 patients were in group 1 (those with a preoperative mean T score Յ50.0), which would be considered below average and not indicative of being at risk for ADHD, and their mean (SD) postoperative T score change was 2.9 (9.0). However, for groups 2, 3, and 4, whose preoperative mean T scores were 50.1 to 60.9, 61.0 to 70.0, and higher than 70.0, respectively, we found that the higher the mean preoperative T score, the greater the change in T score after adenotonsillectomy (PϽ.001). For each of the other 3 categories, the mean change in T scores showed the same pattern: the higher the preoperative T score, the greater the reduction in T score after adenotonsillectomy. Pairwise comparisons among the groups were statistically significant in each category except for the comparisons between groups 2 and 3 for oppositional behavior (P=.003), cognitive problems or inattention (PϽ.001), and ADHD index categories and between groups 3 and 4 for the hyperactivity category (PϽ.001).
Eight of the 117 patients enrolled responded "yes" to having been diagnosed as having ADHD, and 6 of the 8 had a history of being treated with methylphenidate. Three of the 8 completed the study. One of these patients was no longer being treated with methylphenidate at the time of the follow-up.
The group's preoperative mean (SD) scores for the PSQ and PSQm6 (the PSQ minus the 6 behavioral questions, leaving 16 nonbehavioral items) were 0.5 (0.2) and 0.6 (0.1), respectively. The postoperative mean (SD) PSQ and PSQm6 scores were both 0.1 (0.1). This change in PSQ score was statistically significant (PϽ.001). Linear correlations between sleep and behavior scores were found to be statistically significant at baseline before surgery for the ADHD index (P=.004; correlation coefficient, 0.27), cognitive problems or inattention (P=.004; correlation coefficient, 0.27), and oppositional behavior (P=.008; correlation coefficient, 0.25). It was not statistically significant for hyperactivity (P=.57; correlation coefficient, 0.05). Correlations between sleep and behavior scores were found to be statistically significant after adenotonsillectomy for cognitive problems or inattention (P=.049; correlation coefficient, 0.24) and oppositional behavior (P=.03; correlation coefficient, 0.25), but not for the ADHD index (P=.052; correlation coefficient, 0.23), and hyperactivity (P=.20; correlation coefficient, 0.15).
COMMENT
Although PSG is considered the gold standard for evaluation of OSAS, for select patients PSG testing may not be necessary prior to adenotonsillectomy. There are no clinical practice guidelines regarding the use of PSG and candidacy for adenotonsillectomy, and most otolaryngologists make decisions or recommendations based on medical history that is suggestive of SDB, as well as on physical examination demonstrating adenoid and/or tonsillar hypertrophy. However, predictive accuracy of clinically suspected OSAS may be as low as 30% when PSG testing was performed as well. 28, 29 In patients with adenotonsillar hypertrophy, adenotonsillectomy is potentially curative for the whole spectrum of obstructive sleep disorders, including primary snoring and upper airway resistance syndrome, which may not show abnormalities on standard PSG. Children who undergo adenotonsillectomy for PSG-defined OSAS demonstrate marked improvement in both QOL scores and PSG parameters compared with those who did not have surgery, but no strong association was identified between QOL scores and PSG parameters. 24 Although clinical history is improved after adenotonsillectomy, postoperative PSG may still indicate an abnormality depending on the parameters used for defining an abnormal PSG study. In addition to clinical suspicion of SDB, using an instrument such as the PSQ may help to identify patients who are appropriate candidates for adenotonsillectomy or those who may have residual SDB or associated symptoms that fail to improve after surgery. It has been demonstrated that predictive accuracy for SDB is much higher when parental report of multiple measures of behavior is combined with medical history of snoring. 30 Therefore, we chose the PSQ as a comprehensive parental questionnaire for assessing quality of sleep and the CPRS-RS for assessing child behavior. The Conners' scales are the most widely used instruments for assessing child behavior, even in the school setting. The CPRS-RS can be used for research, screening, or monitoring treatment effects over time and can also be used as a diagnostic tool in conjunction with other information, such as the short versions of the Conners' Teacher Rating Scale-Revised. Using both teachers' and parents' reports would certainly provide more information regarding the global behavior of the child. However, behavior at school and behavior at home may not correlate and may vary drastically for every child.
Although 46 of 117 subjects did not complete the study (39%), because of the consistent reduction in T scores for each CPRS-RS category in subjects who completed the study, both as a group and for each subgroup, we believe that our findings would be similar had more subjects completed the study. Questionnaires were mailed to the known mailing addresses supplied by subjects, and attempts were made to ensure receipt of questionnaires by the subjects as well as to encourage follow-up. Our data showed that at 6 months after adenotonsillectomy, there was an average reduction in T score by approximately 1 SD in every CPRS-RS category: oppositional behavior, cognitive problems or inattention, hyperactivity, and the ADHD index. This difference of close to 1 SD is considered clinically significant to pediatric behavioral specialists who use this instrument to measure changes in behavior. A T score of 60.0 in any category indicates that a child is at risk for problems in that category, and T score of 65.0 or higher indicates that the child should be formally evaluated for possible ADHD. A hyperactivity index or T score higher than 60.0 results in the child as being rated hyperactive. A T score higher than 70.0 is clinically significant and may be diagnostic for ADHD. Reduction of T scores by 2 SDs is clinically significant and is expected to be reflected by clinical changes in behavior. The mean preoperative T score was 59.0 for oppositional behavior, cognitive problems or inattention, and the ADHD index and 62.0 for hyperactivity. Such scores are indicative of the enrolled patients being at risk for each behavior category and support the association between SDB and behavior because these are patients who underwent adenotonsillectomy for clinically diagnosed SDB.
By stratifying the patients into 4 groups based on their preoperatively mean T scores, we found that the higher the preoperative T score, the greater the reduction in mean T scores after intervention in all 4 behavior categories measured by the CPRS-RS. Group 1 had the lowest mean preoperative T score, 50.0 or lower, and had the smallest room for improvement. We believe the minor postoperative increase in the mean T scores (less than 1 SD) is just a function of random variation in that group. We first performed a global test to determine if the mean change differed across the 4 groups, and because we saw that it did, pairwise comparisons were performed to show where differences lie among the groups. Although the number of subjects in each group was different for each CPRS-RS category, the trend was consistent in every category such that as the mean preoperative T score increased, there was a greater reduction in mean T scores after adenotonsillectomy. We consistently found the greatest reduction in mean T scores in group 4, whose baseline T scores in each category were higher than 70.0. This group had reductions in mean T score for each category, approximating 2 SDs.
Chervin et al 26 found that a PSQ score higher than 0.33 suggests a high risk for SDB with reasonable sensitivity and specificity. We calculated preoperative and postoperative scores for both the full PSQ (the 22-item questionnaire, including the 6 behavioral items duplicated in the CPRS-RS) and the PSQm6. Both sets of scores are presented in Table 2 . To demonstrate that SDB is related to child behavior, we wanted to evaluate the PSQ without the behavioral component. However, to demonstrate the clinical usefulness of the PSQ, the additional data on the 22-item instrument is valuable because if there is a strong correlation between the PSQ and CPRS, then perhaps the CPRS would not be necessary. Of the 117 patients who were enrolled in the study, 112 (95.7%) had PSQ and PSQm6 scores higher than 0.33, and 5 (4.3%) had PSQ and PSQm6 scores of 0.33 or lower preoperatively. Our data showed that for this set of patients, preoperative mean PSQ and PSQm6 scores were similar: 0.5 (0.2) and 0.6 (0.1), respectively. Both scores supported the clinical suspicion of SDB based on the medical history and physical examination. At 6 months after adenotonsillectomy, the mean (SD) for the PSQ and PSQm6 scores for the 71 patients who completed the study was 0.1 (0.1). Of these 71 patients, 7 (9.9%) still had PSQ and PSQm6 scores higher than 0.33, whereas 64 (90.1%) had PSQ and PSQm6 scores of 0.33 or less. This finding suggests that most patients experience improved sleep after adenotonsillectomy and alleviation of upper airway obstruction. It is possible that owing to the subjective nature of the caregiver-based, questionnaire-type study, the postoperative scores improved partly owing to expectations of improvement. Based on our study design, at 6 months after adenotonsillectomy, the reductions in mean T scores in CPRS-RS categories may be a reflection of a statistical regression to the mean. However, our results showed a consistent trend in the reduction of postoperative T scores as a function of preoperative T scores, as well as consistent reduction of mean T scores in all CPRS-RS categories, which supports our conclusion that adenotonsillectomy can improve a child's behavior as measured by an instrument such as the CPRS-RS.
We found correlations between sleep and behavior before and after adenotonsillectomy; that is, as PSQ and PSQm6 scores approach 1, the higher the T score for each of the CPRS-RS behavior categories. This correlation was statistically significant for oppositional behavior, cognitive problems or inattention, and the ADHD index before the surgery, and statistically significant for cognitive problems or inattention and oppositional behavior after the surgery (see Table 3 for P values). Not only did both behavior and sleep improve independently before and after adenotonsillectomy for SDB in our group of patients, but they also improved in correlation with each other. The correlation between the PSQm6 scores and the T scores for each of the CPRS-RS behavior categories support our conclusion that SDB is related to child (REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 133 (NO. 10), OCT 2007 WWW.ARCHOTO.COM 978 behavior. By also calculating changes in the full PSQ score (22 items, including the 6 behavioral items), which were very similar to changes in the PSQm6 score, we have demonstrated the usefulness of the PSQ as a tool for evaluating both sleep and behavior. In fact, because the PSQ correlated very well to the CPRS-RS in this study, it may be unnecessary to use the CPRS-RS instrument in future studies evaluating pediatric sleep and behavior for SDB secondary to adenotonsillar hypertrophy. This is an observational study that has demonstrated associations between adenotonsillectomy and changes in sleep and behavior as shown by the PSQ and CPRS-RS instrument scales. Although this study supports a causeand-effect relationship between SDB and development of behavioral problems, because it is not randomized or controlled as an intervention trial, this relationship cannot be proven. Without a control group that did not undergo adenotonsillectomy, we cannot prove definitively that the surgical intervention was the cause of the change in behavior as measured by the CPRS-RS. However, the PSQ and CPRS have been used together in a 4-year prospective cohort study 30 demonstrating that symptoms of SDB actually precede development of hyperactivity. Such findings lend validity to our data, which shows that treatment of SDB can lead to amelioration of behavior and sleep problems.
Because PSG testing for each subject was not feasible and was incongruent with clinical practice, we chose a consecutive convenience sample for patients who presented with a medical history of nocturnal airway obstruction and possible obstructive sleep apnea. This exploratory study demonstrated the potential usefulness of the PSQ as a screening tool and as an adjunct to clinical history and physical examination in determining candidacy for adenotonsillectomy. A 3-year follow-up of the same patients may demonstrate whether such improvements in sleep and behavior are maintained over time. 
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